A polyphasic approach was used to characterize an aerobic, Gram-stain-negative, rod-shaped bacterium (designed as strain CC-MHH0539 T ) isolated from the chopped tuber of taro (Colocasia esculanta) in Taiwan 
The genus Sphingomonas, grouped in the family Sphingomonadaceae, belongs to the Alphaproteobacteria and was first described by Yabuuchi et al. [1] with Sphingomonas paucimobilis as the type species. Members of Sphingomonas can be characterized chemotaxonomically, with fatty acid profiles that contain C 18 : 1 !7c as the major component and C 14 : 0 2-OH as the main hydroxylated fatty acid. They contain ubiquinone 10 (Q-10) as the main respiratory quinone and symhomospermidine as the major polyamine. The polar lipid pattern consists of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), sphingoglycolipid (SGL), phosphatidylethanolamine (PE), phosphatidyldimethylethanolamine (PDE) and phosphatidylcholine (PC) [2, 3] . Based on refined phylogenetic, chemotaxonomic and physiological analyses, sphingomonads have now been divided into several genera. The genera Novosphingobium, Sphingobium, Sphingomonas, Sphingopyxis and Sphingosinicella were proposed to clarify the taxonomic position of some species previously classified within the genus Sphingomonas [4, 5] .
In this study, the taxonomic characterization of strain CC-MHH0539
T within a novel species of Sphingomonas, based on analyses of its 16S rRNA gene sequence, chemotaxonomic characteristics and physiological traits, is reported. Plants of Colocasia exculanta with a tuber were collected from a farm located in Nantou county, Taiwan (24 05¢ 51.6 † N 120 51¢ 22.4 † E). The tuber was isolated, washed in running water to remove adhering soil, surfacesterilized with 75 % alcohol, chopped and used for bacterial isolation through a standard serial dilution-plating technique in 0.85 % (w/v) NaCl. After appropriate dilution the suspension was spread-plated on nutrient agar (NA; HiMedia) and incubated at 30 C for 3 days. Multiple colonies that appeared were isolated and identified based on 16S rRNA gene sequencing. Based on its low (<97.0 %) 16S rRNA gene sequence similarity with established taxa, a yellow-pigmented strain designated CC-MHH0539
T was selected for further phenotypic and phylogenetic characterization. Strain CC-MHH0539
T was stored at -80 C in nutrient broth (NB; HiMedia) supplemented with 20 % (v/v) glycerol for long-term preservation. Sphingomonas laterariae DSM 25432 T [6] , Sphingobium boeckii DSM 25079 T [7] , Sphingosinicella microcystinivorans KCTC 12019 T [8] and Sphingosinicella vermicomposti KCTC 22446 T [9] were used for direct comparative taxonomic analyses. All five strains were grown on NA at 30 C for 2 days, unless specified otherwise.
A commercial DNA extraction kit (MO BIO UltraClean) was used to extract the genomic DNA of strain CC-MHH0539
T for 16S rRNA gene amplification and DNA G+C content determination. To obtain the almost-complete 16S rRNA gene sequence of strain CC-MHH0539
T , PCR was performed with bacterial universal primers 8F and 1541R [10] . Gene cycle sequencing was performed by using the Bigdye terminator kit [11] and ABI 3730 Genetic Analyzer (Applied Biosystems). Two genus-specific PCR primer pairs targeting a Sphingomonas-specific sphingolipid synthesis gene were designed by aligning the serine palmitoyltransferase gene (spt) sequences of several Sphingomonas strains and other sphingolipid-containing alphaproteobacteria [12] . The first set of the Sphingomonas spt-specific primers was Sph-spt 295f and Sph-spt 713r, and the second specific primer set contained Sph-spt 694f and Sph-spt 983r. The DNA fragments coding for 16S rRNA were assembled using the Vector NTI 9.0 software (IBI) and deposited under GenBank using sequin software. The almost-complete 16S rRNA gene sequence (1450 nt) of strain CC-MHH0539
T was compared with all validated type strains using the EzBioCloud server (http://www.ezbiocloud.net/; [13] ) and GenBank database. Closely related 16S rRNA gene sequences were retrieved from the EzBioCloud server and GenBank and aligned by using the CLUSTAL X (1.83) program [14] . Phylogenetic analysis was performed with the MEGA 6 software (Molecular Evolutionary Genetics Analysis, version 6.0; [15] ) by using the Kimura two-parameter model and phylogenetic trees were reconstructed by using 16S rRNA gene sequences with the neighbour-joining [16] , maximumlikelihood [17] and maximum-parsimony [18] methods. An evolutionary distance matrix was calculated using the correction of Jukes and Cantor [19] and evaluated by bootstrap analyses [20] T from the genera Sphingosinicella and Sphingobium, and indicated its possible and most likely affiliation to the genus Sphingomonas.
Colony morphology, presence of flagella and cell morphology of strain CC-MHH0539
T were investigated using colonies/cells grown on NA. Cell morphology was observed by light microcopy (model A3000; Zeiss) and transmission electron microscopy (JEOL JEM-1400) after staining with 0.2 % uranyl acetate. Catalase and oxidase activities were determined by treating the cells with 3 % (v/v) H 2 O 2 and 1 % (w/v) oxidase reagent (bioM erieux), respectively. Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution [22, 23] . Growth of strain CC-MHH0539
T was tested on marine agar (MA; Difco), tryptic soy agar (TSA; Difco) and R2A agar (Oxoid). Growth at various temperatures was investigated in NB at 4, 15, 20, 25, 30, 37 and 40
C after 48 h of incubation. The requirement for NaCl was determined using NB containing 0-10 % (w/v) NaCl [24] .
Gram-staining was tested as described by Murray et al. [25] . Anaerobic growth was investigated on NA supplemented with potassium nitrate (0.1 %, w/v) using an anaerobic chamber (COY) filled with H 2 /CO 2 /N 2 (5 : 19 : 76) gas. DNase test (HiMedia) and tests for hydrolysis of gelatin, skimmed milk, starch (1 %), and Tweens 20, 40, 60 and 80 (1 %) were performed. H 2 S production was checked on both 3 g Na 2 S 2 O 3 l À1 and 0.1 g cysteine l À1 [26] . Carbon source utilization patterns were determined by using Biolog GN2 MicroPlates after incubation for 48 h. The activities of various enzymes were determined by using the API ZYM system (bioM erieux) according to the manufacturer's instructions. Nitrate reduction, indole production, activities of b-galactosidase and urease, hydrolysis of aesculin and gelatin and assimilation of 12 substrates were tested with API 20 NE strips at 30 C for 2 days.
Strain CC-MHH0539 T appeared as yellow colonies after 3 days of incubation on NA. Cells were able to grow on MA, TSA and R2A agar. Colonies were circular, entire and 1-2 mm in diameter. Cells were rod-shaped and devoid of flagella (Fig. S2) . Strain CC-MHH0539
T was able to grow at [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] C, at pH 6.0-9.0 and with less than 1 % (w/v) NaCl. Growth was not observed under anaerobic conditions and flexirubin-type pigments were not produced. Positive activities were observed for oxidase and catalase but negative activity for DNase. Hydrolysis was negative for gelatin, skimmed milk, 
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T are given in the species description.
For the investigation of chemotaxonomic characteristics, cells of strain CC-MHH0539 T and the reference strains were harvested at a similar physiological age with similar growth kinetics. Fatty acid methyl esters (FAMEs) were prepared, separated and identified according to the standard protocol [27] of the Microbial Identification System (MIDI) [28] by using a gas chromatograph (Agilent 7890A) fitted with a flame ionization detector. For the extraction of FAMEs, strain CC-MHH0539
T and the reference strains were cultured simultaneously on NA for 48 h at 30 C. Grown culture was harvested from the plate (at stationary phase) and subjected to saponification, methylation and extraction [29] . Identification and comparison were made by using the Aerobe (RTSBA6) database of the MIDI System (Sherlock version 6.0). The major fatty acids in strain CC-MHH0539 T were C 16 Major polyamine † HSPD HSPD HSPD SPD HSPD HSPD *Data for DNA G+C content in columns 2-6 were collected from Maruyama et al. [3] , Yasir et al. [6] , Akter et al. [7] , Kim et al. [8] and Liu et al. [21] . †The polyamine data in column 3 were collected from Liu et al. [21] .
Polar lipids were extracted and analysed by two-dimensional TLC, and the total lipid profiles was determined by staining with 10 % ethanolic molybdatophosphoric acid; aminolipids were detected with a 0.2 % (w/v) solution of ninhydrin in butanol; phospholipids were detected with Dittmer and Lester's Zinzadze reagent; and glycolipids were detected with a-naphthol spray reagent [30] . PC was detected using Dragendorff reagent. The polar lipid data of strain CC-MHH0539 T showed the consistent occurrence of DPG, PG, PE and SGL; however, a heterogeneous distribution of phosphatidylmonomethylethanolamine (PME), PC, unidentified phospholipids (PL1-3), an unidentified glycolipid (GL) and an unidentified lipid (L) was found in Sphingosinicella species (Fig. 2) . In strain CC-MHH0539
T , DPG, PC, PE and SGL were identified to be major polar lipid components, while PG, PME and two unidentified phospholipids (PL1 and 2) were found in moderate to trace amounts. These results were almost in line with the data reported previously for Sphingomonas species [2] [3] [4] . In particular, PC was not reported to be a typical feature of the genus Sphingosinicella [5, 8, 9] , and is considered an important distinguishing feature of the genus Sphingomonas.
Polyamines were extracted as described by Scherer and Kneifel [31] , and the dansyl derivatives were separated and analysed by HPLC using a Hitachi L-2130 equipped with a Hitachi L-2200 autosampler, Hitachi L-2485 fluorescence detector (excitation at 360 nm and emission at 520 nm) and a reversedphase C18 column (Phenomenex Synergi Fusion-RP80, 250Â4.60 mm, 4 µm particle size). The polyamine profiles of strain CC-MHH0539
T showed a predominance of sym-homospermidine (HSPD) followed by 2-hydroxy-putrescine. In addition, strain CC-MHH0539
T exclusively possessed minor amounts of cadaverine but lacked spermidine that was found in two of the reference strains (KCTC 12019 T and KCTC 22446 T ) in detectable amounts. HSPD was reported as a major polyamine in the genera Sphingomonas and Sphingosinicella [2-6, 8, 9] , while representatives of the genus Sphingobium typically possess spermidine as the predominant polyamine [7] . Thus, the polyamine data excluded the classification of strain CC-MHH0539
T as a representative of the genus Sphingobium.
For the analysis of DNA G+C content, DNA samples were prepared and degraded enzymatically into nucleosides as described by Mesbah et al. [32] . The nucleoside mixture [30] and analysed by HPLC as described by Collins [33] . Consistently, the G+C content of the genomic DNA of strain CC-MHH0539 T was 69.5 mol%, which was in line with data for recognized Sphingomonas species. The respiratory quinone system was Q-10, which is a typical characteristic feature of sphingomonads.
Based on chemotaxonomic and phenotypic characteristics together with phylogenetic information, strain CC-MHH0539
T represents a novel species of the genus Sphingomonas, affiliated to the family Sphingomonadaceae within the class Alphaproteobacteria, for which the name Sphingomonas colocasiae sp. nov. is proposed.
DESCRIPTION OF SPHINGOMONAS COLOCASIAE SP. NOV.
Sphingomonas colocasiae [co.lo.ca¢si.ae. L. n. Colocasia the name of a botanical genus (taro); L. gen. n. colocasiae of taro, denoting the isolation of the type strain from taro tissue]. Total polar lipids were stained with 10 % ethanolic molybdatophosphoric acid. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PME, phosphatidylmonomethylethanolamine; PL1-3, unidentified phospholipids; SGL, sphingoglycolipid; GL, unidentified glycolipid; L, unidentified lipid.
